The interaction between plasmas and the infrared radiation from CO. lasers has become of great interest because of possibilities for plasma heating ana diagnostic scattering experiments. In this report, calculations are presented on a laser-plasma system in which the plasma is located within a high Q laser cavity, maximizing the useful radiation density. The stability of cavities vith the inclusion of a cylindrical pinch plasma is investigated for propagation along and across the column. Conditions are given under which the presence of the plasma is necessary for cavity oscillations, raising the possibility of plasma Q-switching. Calculations are performed on the expected shape of laser modes in the plasma, taking the plasma dynamics into account. It is shown that these modes are unfavorable to heating of the bulk of the plasma, and are unstable against hydro-magnetic kinking. A heating experiment using a small pinch and modest laboratory laser is described that would allow measurement of low density (.1&-6 -Kf-" 1 cm"
INTRODUCTION
There has recently been a great deal of interest in the possibility of heating magnetically confined plasmas using pulsid CO. lasers. 1 At densities attainable in conceivable pinch devices, the interaction between the plasma and radiation is weak. To alleviate the problem of long absorption lengths, the possibility of allowing the radiation to make many passes through the plasma has been suggested. 1 In this report, a particularly advantageous multiple pass system formed by placing the plasma inside a closed, CO, laser cavity will be discussed. Such a system has been described in a previous report and by other authors. 3 
If y la assumed to be an extreme dimension (i.e., the radius of a mirror), ther rays having a displacement greater than y after one pass are lost.
The fraction lost per pass is given by t =• (9)
As an example, the concentric cavity (R = dj) with no plas.ua present will be considered. We let «1 In long plasmas (such as those contemplated for laser heated reactors 1 ) geometric optics calculations will not hold because diffraction becomes important. Even in short plasmas, it is possible to natch modes at the plasma boundary to obtain a TEM, z-independent laser mode. In this section, we will calculate the radial dependence of radiation intensity in shock heated and quasisteady-state regimes for laser modes which have very small change in z over distances comparable to the mode radius, w. Plasma transport coefficients are taken from Reference 9.
The first case to be studied holds either for Approximately bounded solutions can usually be found as long as the fractional decrease of the pressure over the width of the laser mode is small compared to the depth of the electron density well.
III. EXPERIMENTAL APPLICATIONS A. Closed Cavity Heating of Plasmas to High
Temperatures.
There have been proposals to heat pinch plasmas to reactor temperatures using lasers . common to all multiple-pass schemes.
The greatest difficulty in any multiple-pass system is that of mirror damage. The high power levels, while advantageous to the heating process, must somehow be turned back into the plasma. If E represents the available laser energy, and L is the length of the entire system, then the maximum power incident on the mirrors is P = E c/L. E must be greater than the final plasma energy. fraction of an absorption length long and still absorb the greater part of the available radiation.
An added advantage, besides a decrease in length,
is that heating will be longitudinally uniform. In single-pass systems, on the other hand, heating will be peaked at the ends ui the plasma. Since this represents a larger proportion of high order thermal diffusion modes, longitudinal thermal conduction is greatly increased. This thermal distribution also increases particle end losses. Another advantage of the multiple-pass system is that, for the same available energy, higher radiation densities can usually be obtained. This will be useful in attempts to shock heat a plasma, as discussed be low.
The cl'osed-cavity system is optimal in many respects for laser-plasma heating. On the other hand, it will be shown below that even for this system, a number of problems arise which make the prospects of obtaining a high temperature, magnetically confined plasma by laser heating quite remote.
1. The Shock Heating Regime. A regime of shock heating is expected when laser heating causes the plasma pressure to rise faster than the plasma can reach pressure equilibrium, or t < t . This is probably the most advantageous way to heat the plasma. Collective effects can contribute to ion heating at faster rates than the relatively slow collisional equipartition. As shown in Section II-C, if t < t , the shape of the laser mode is deter-& eq' mined by the initial electron distribution, which Abscissa in centimeters.
can be controlled externally. As t becomes longer, the mode will become radially thinner as the radiation begins to form a well in the density.
The limit of this process is given by the steadystate calculations of Section II-C. 
A. plot of L for various plasma parameters is given in Fig. 10b . With low temperature plasmas, it should not be difficult to fulfill conditions for shock heating, but it is doubtful whether this can be done for reactor type plasmas. For example, consider the problem of heating a plasma from 5 keV to 10 keV.
The plasma has energy density ~ 2 n kT and crosssectional area A . The radiation has an energy P density ~ E 3 /8it and area A,. The total laser energy can not be greater than the final plasma energy, so it is found that E^ ~ (8TI) (2n o kT eQ )A^/A , Taking n = 5 x 10 2 ' JS a maximum attainable density and A Ik = 10", we find that t_ = 10"" seconds. x p n If the plasma has a radius of 3 cm, w = .3 cm and t = 3 v 10" seconds. It is thus probable that the plasma will be in a pressure equilibrium. 
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Since T. ' is not known before the calculation, n ' 10 o must be found in an iterative fashioa. For low a's, T, always equals approximately 1, so it can be assumed that n ' -n . Two cases were studied, o o 1) n - 1., a-1. and a' -1.2; 2) 
